Human malignant melanoma has poor prognosis because of resistance to apoptosis and therapy. We describe identification of the expression profile of 1,037 mitochondria-focused genes and 84 survival-apoptosis genes in 21 malignant melanoma cell lines and 3 normal melanocyte controls using recently developed hMitChip3 cDNA microarrays. Unsupervised hierarchical clustering analysis of 1,037 informative genes, and 84 survival-apoptosis genes, classified these malignant melanoma cell lines into type A (n = 12) and type B (n = 9). Three hundred fiftyfive of 1,037 (34.2%) genes displayed significant (P ≤ 0.030; false discovery rate ≤ 3.68%) differences (±≥2.0-fold) in average expression, with 197 genes higher and 158 genes lower in type A than in type B. Of 84 genes with known survival-apoptosis functions, 38 (45.2%) displayed the significant (P < 0.001; false discovery rate < 0.15%) difference.
Introduction
Human cutaneous malignant melanoma remains as the most deadly form of skin cancer, responsible for 75.2% of skin cancer-related deaths (1) . Furthermore, the incidence of a melanoma has been increasing in white populations worldwide, largely due to an increase in thin rather than thick melanomas (2, 3) . Mortality rates vary by country, gender, and ethnic origin; in the United States in 2008, there were an estimated 62,480 new cases and 8,420 (13.5%) deaths (1) . The primary tumors in early stages are curable by surgical excision, whereas the prognosis of patients with distant metastases not amenable to surgery remains poor (1, 4, 5) ; the poor outcome has not improved in response to current therapeutic regimens (6) (7) (8) . The median survival reported for patients with metastatic melanoma in recent phase III clinical trials is only 7 to 9 months (9, 10) . Highly resistant to apoptosis and therapy is a unique hallmark of malignant melanoma, although the mechanisms by which melanoma cells protect themselves from drug-induced apoptosis remains largely unknown (11) . Tumor cells bypass the apoptotic machinery through mechanisms that may involve dysregulation of antiapoptotic and proapoptotic genes (12) (13) (14) . Thus, our understanding of the survival-apoptosis biology of malignant melanoma cells is a prerequisite for breakthroughs in the therapy of this malignant disease.
To study survival, antiapoptotic, antioxidant, and proapoptotic genes, and their signaling pathways in malignant cells, we recently developed a third-generation human mitochondria-focused cDNA microarray (hMitChip3) and new bioinformatic tools (15) . hMitChip3 contains 37 mitochondrial DNA-encoded genes, 1,098 nuclear DNAencoded and mitochondria-related genes, and 225 controls, each printed in triplicate. A total of 1,135 mitochondriarelated genes include 946 genes associated with 645 molecular functions, 930 genes with 612 biological processes, 476 genes with biological chemistry pathways, 227 genes with 23 reactome events, 237 genes with 320 genetic disorders, and 55 genes with 87 drugs targets (15) . Approximately 100 genes are involved in cell survival, antioxidant, antiapoptosis, and proapoptosis. Using the hMitChip3 and bioinformatic tools, we have successfully identified molecular mechanisms underlying survival and apoptosis of the cutaneous malignant melanoma cell lines UACC903 (resistance to apoptosis) and UACC903(+6) (sensitive to apoptosis; refs. 13, 14, 16) . These findings show the presence of differentially expressed genes that govern survival and apoptosis of malignant melanoma cells.
In this report, we describe the identification of two types of characteristic expression patterns of 1,037 mitochondria-focused genes, including 84 survival-apoptosis genes, in 21 malignant melanoma cell lines compared with 3 normal melanocytes derived originally from lightly, moderately, and darkly pigmented neonatal foreskin tissues. Applying hMitChip3, we identify expression profiles of 1,037 informative genes and 355 significantly [P ≤ 0.030; false discovery rate (FDR) ≤ 3.68%] differentially (≥2.0-fold) expressed genes that classified 21 malignant melanoma cell lines into two distinct types (type A, n = 12; type B, n = 9). The different sets of survival, antiapoptotic, antioxidant, and proapoptotic genes displayed significant (P ≤ 0.001; FDR ≤ 0.15%) differences in expression between the type A and the type B malignant melanoma cell lines. These results facilitate our understanding of the different molecular basis for survival of malignant melanoma cells and may also prove useful for the development of new biomarkers for therapeutic intervention as well as potential diagnostic biomarkers for treatment and prognosis for a better clinical outcome of patients with malignant melanoma.
Materials and Methods
Cell Culture Most malignant melanoma cell lines were purchased from either American Type Culture Collection (ATCC) or University of Arizona Cancer Center (UACC; Tucson, AZ; Table 1 ). C8161 and MUM2C cell lines were gift generously provided by Dr. Brian Nickoloff (Loyola University Medical Center, Maywood, IL). UACC903(+6) and SRS3 cell lines were developed in Dr. Jeffrey Trent's laboratory (National Human Genome Research Institute, Bethesda, MD). These cell lines were cultured in medium recommended by either ATCC or UACC. UACC903(+6) cells were cultured in RPMI 1640 supplemented with 10% fetal bovine serum, 2 mmol/L L-glutamine, and 600 μg/mL G418 to select for the pSV2neo-tagged chromosome 6 (17) . SRS3 was cultured in the same medium in addition of 8 mmol/L L-histidinol dihydrochloride to select for integrated retroviral vector (16) . Cell culture medium (RPMI 1640, DMEM, Eagle's MEM, and McCoy's 5A), fetal bovine serum, and trypsin-EDTA were purchased from Mediatech, Inc., and Leibovitz's L-15 medium was purchased from Invitrogen (Life Technologies Cell Culture). Normal human neonatal epidermal melanocytes were purchased from Cascade Biologics (Invitrogen). The melanocytes were cultured in Medium 254 plus phorbol 12-myristate 13-acetate-free human melanocyte growth supplement-2 (Cascade Biologics). One hundred units of penicillin G sodium and 100 μg of streptomycin sulfate (penicillin-streptomycin; MP Biomedicals, LLC) were added into each milliliter of cell culture medium as antibiotics.
All cell lines were cultured in the same laboratory under the standard cell culture conditions with exceptions where indicated. Cultured cells in Petri dishes (Greiner Bio-One) were routinely viewed under inverted microscope to assess the degree of confluence and to confirm the absence of any contamination. When cells reached at ∼90% confluence under microscope, culture media were removed by aspiration, and the cells were rinsed once with 1× PBS (Mediatech) and then lysed directly by adding Trizol Reagent (Invitrogen). Five cell lines (UACC1227, UACC2565, UACC457, UACC827, and UACC929) were cultured in Leibovitz's L-15 medium that requires no supplement of 5% carbon dioxide. Other 19 cell lines were cultured in the medium indicated in Table 1 with standard supplement of 5% carbon dioxide.
RNA Extraction and Purification
Total RNA was extracted from freshly cultured cells using Trizol Reagent and purified using RNeasy kit (Qiagen), following the commercial instructions, in the same laboratory.
hMitChip3 Microarray A third-generation human mitochondria-focused cDNA microarray (hMitChip3) containing 37 mitochondrial DNA-encoded genes, 1,098 nuclear DNA-encoded and mitochondria-related genes, and 225 controls were printed as described previously (15) . For examples, hMitChip3 contains 84 genes with known involvement in cellular survival, antiapoptosis, antioxidative protection, and proapoptosis. Total RNA (5 μg) per sample was used for microarray labeling and hybridization as previously described (15) . Slides were scanned using the ScanArray Express Microarray Scanner (Perkin-Elmer) as described previously (15) . Each and every gene on hMitChip3 gene chip was printed in triplicate and triplicate microarray experiments were done for each and every RNA samples.
Microarray Database and Data Analysis
Gene expression database was constructed using FileMaker software (FileMaker Pro, Inc.). Database construction, data filtering, and selection were done as described previously (15) . The quantile normalization method (18) in software R version 2.7.1 (The R Foundation for Statistical Computing) was used to normalize microarray data. The normalized expression data were used to cluster and visualize genes and cell lines by using software Cluster version 3.0 (19) and heat map was visualized by using software MapleTree. 6 Gene Information Analysis ID, symbols, and names of genes on hMitChip3 were updated to human UniGene Build 214 7 (20, 21) . Taqman probes and primers for quantitative PCR were purchased from Applied Biosystems and include those of glyceraldehyde-3-phosphate dehydrogenase (GAPDH; 4352934E), B-cell CLL/lymphoma 2 (BCL2; Hs00236-808_s1), BCL2-related protein A1 (BCL2A1; Hs00187-845_m1), catalase (CAT; Hs00156308_m1), glutathione peroxidase 4 (GPX4; Hs00989766_g1), glutathione reductase (GSR; Hs00167317_m1), glutathione synthetase (GSS; Hs00609286_m1), optic atrophy 1 (OPA1; Hs01047019_m1), prohibitin (PHB; Hs00855044_g1), peroxiredoxin 3 (PRDX3; Hs00428953_g1), peroxiredoxin 5 (PRDX5; Hs00738905_g1), protein phosphatase 2 catalytic subunit α isoform (PPP2CA; Hs00427259_m1), and regulatory subunit A β isoform (PPP2R1B; Hs00988483_m1). Statistics Statistical calculations were done on triplicate array experiments using XLSTAT 2006 (XLSTAT). Differentially expressed genes were identified arbitrarily by >1.24-fold change in the average expression of the background-subtracted mean intensity ratios of a gene between comparisons. Using the LIMMA package in software R/Bioconductor (version 2.7.1; The R Foundation for Statistical Computing), we calculated the moderated t statistic, raw P values, and log 2 fold changes in gene expression and FDR for multiple statistical testing with Benjamini and Hochberg methods (22) . The level of statistical significance was set at a P value of <0.05 and FDR of <5%. Table 1 lists 21 human malignant melanoma cell lines and 3 normal melanocytes as controls that are frequently used in melanoma research. Of 21 malignant melanoma cell lines, 18 (A2058, A375, C32, COLO829, G361, HT144, HTB65, RPMI7951, SKMEL2, UACC3074, WM266-4, C8161, UACC1227, UACC2565, UACC457, UACC827, UACC903, and UACC929) were derived from malignant melanoma, 2 [UACC903(+6) and SRS3] were variants of UACC903 (16, 17) , and 1 (MUM2C) was from liver metastasis of uveal malignant melanoma (23) . Eight cell lines (A375, C32, COLO829, G361, HT144, SKMEL2, UACC903, and WM266-4) were derived from skin biopsies, whereas 9 from metastatic sites, including lymph note (A2058, HTB65, RPMI7951, UACC1227, UACC2565, and UACC929), liver (MUM2C), abdomen (UACC457), and breast (UACC827). Fourteen cell lines [A2058, A375, C32, C8161, G361, HT144, HTB65, MUM2C, RPMI7951, SKMEL2, SRS3, UACC903, UACC903(+6), and WM266-4] were tumorigenic in animal models and 8 (A2058, A375, G361, HT144, HTB65, WM266-4, C8161, and MUM2C) were metastatic. Twelve cell lines (A2058, C32, COLO829, G361, HT144, HTB65, SKMEL2, MUM2C, UACC1227, UACC2565, UACC457, and UACC929) were derived from male patients, whereas 5 (A375, RPMI7951, WM266-4, UACC827, and UACC903) from females. The normal melanocytes were originally derived from lightly, moderately, and darkly pigmented neonatal foreskin tissues.
Results

Twenty-One Human Malignant Melanoma Cell Lines and 3 Normal Melanocytes
Clusters and Subclusters of 21 Malignant Melanoma Cell Lines Revealed by Unsupervised Hierarchical Clustering Analysis of 1,037 Informative Genes from 81 Microarray Experiments
Total RNA samples were extracted from 21 malignant melanoma cell lines and 3 controls and labeled for microarray analysis using hMitChip3. Because use of three replicates in microarray analysis reduces misclassification (24) , triplicate microarray experiments were done for all malignant melanoma and control cell lines, except for A375, COLO829, and HTB65 with four replicates and RPMI7951 and UACC827 with six replicates (Fig. 1) . Thus, 1,135 genes and control elements on hMitChip3 microarrays were all measured at least nine times (three identical probes per microarray and at least three microarray experiments per cell line), which generated reproducible data for statistical analysis. Microarray data of 4,080 spots across all 81 gene chips used for 24 RNA samples were filtered by uniform criteria within microarray database as described previously (15), which yield 1,037 genes with informative background-subtracted signal intensities for data normalization. Figure 1 shows the box plots of mRNA levels of 1,037 genes in 24 cell lines and all 81 microarray experiments before (Supplementary Table S1 ) 11 and after (Supplementary Table S2) 11 data normalization. The mean values of normalized data were used to calculate ratios in gene expression between each malignant melanoma cell line and each control, resulting in a total of 63 comparisons across all 1,037 genes (Supplementary Table S3 ). 11 These data were used for unsupervised clustering analysis, visualization, and identification of differentially expressed genes. The resultant double dendrograms and heat map classified 21 malignant melanoma cell lines into two major groups. Group A consisted of three subclusters (a1, a2, and a3) and group B had two subclusters (b1 and b2). The a1 subcluster contained C32, COLO829, A2058, RPMI7951, and HT144; a2 had G3G1, A375, WM266-4, and SRS-3; and a3 consisted of HTB65, SKMEL2, and UACC3074. The b1 subcluster contained MUM2C, UACC1227, C8161, UACC2565, UACC457, UACC929, UACC903(+6), and UACC903, whereas b2 had only one cell line, UACC827. The multiple cell lines within a subcluster were further classified into smaller groups. Whereas a high percentage of 1,037 genes displayed apparently differential expression patterns between these two groups, a cluster of 28 genes (EHD4, HNRNPA1, CIDEB, DDX18, FDX1, HRBL, CHD6, BDH1, AKAP1, ABCD1, MT1A, MRPL45, PHB2, MCL1, THEM2, MCCC2, TXNRD2, CYC1, ODC1, SDHB, STIP1, PTGES2, MRPS9, MRPL10, PPIB, UCP3, MRPL54, and TAGLN2) was down-regulated in four malignant melanoma cell lines (G361, A375, WM266-4, and SRS3) but up-regulated in the others (Supplementary Fig. S1 ).
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Three Hundred Fifty-Five Genes Were Significantly Differentially Expressed between the Type A and Type B Malignant Melanoma Cell Lines Based on unsupervised cluster results, we calculated average expression levels, ratios, the moderated t statistic, P values, and FDR of genes between the group A and group B malignant melanoma cell lines. The results revealed that 371 of 1,037 genes (40.4%) had ±≥2.0-fold changes in average expression between these two types with a P value of ≤0.030 and FDR of ≤3.68%. Unsupervised cluster analysis of these 371 genes revealed the same group A and group B clusters as expected, and subclusters similar to those derived by using all 1,037 genes. In addition, 16 genes, including MTCP1, BCAR1, MGST3, IDH3B, MRPS9, PTGES2, THEM2, MRPL45, MT1A, PHB2, TXNRD2, MCCC2, AKAP1, DDX18, FDX1, and CASP3, were consistently at lower levels of expression in four malignant melanoma cell lines (G361, A375, WM266-4, and SRS3) than in the others, in comparison with three normal control melanocytes (Fig. 2) . Thus, 355 significantly differentially expressed genes defined the group A (type A) and group B (type B) malignant melanoma (Supplementary Tables S4 and S5 ).
Identification of 84 Genes with Known Antiapoptosis/ Proapoptosis Functions and Their Expression Patterns
To identify genes involved in cell survival and apoptosis, we analyzed biological information of all 1,037 informative genes. The results revealed that 84 genes (8.1%) had the known roles in survival, antiapoptosis, antioxidation, and proapoptosis (Table 2) . Of 84 genes, 73 (86.9%) displayed significant (P ≤ 0.039 and FDR ≤ 4.7%) differences (≥1.24-fold changes) in average expression between the type A and type B malignant melanoma cell lines. The relative expression ratios of 84 genes in all 63 comparisons between each malignant melanoma cell line and each normal control were subjected to clustering analysis. The sample clusters indicated the same type A and type B of malignant melanoma cell lines, but subclusters were slightly different from those based on expression profiles of 1,037 genes. The gene clusters revealed four clusters (GC-1 through GC-4). GC-1 had 17 genes (CASP1, CYCS, BNIP1, BCL2, APAF1, BCL2A1, CASP7, BNIP3L, GLRX2, GPX4, PRDX3, PRDX5, MT3, PPARD, GSR, RAF1, and VDAC1) with a consistently higher level of expression in the type A malignant melanoma cell lines than in type B; GC-2 had 4 genes (CASP10, FAS, GZMH, and PDIA2) with expression higher in the moderately pigmented normal melanocytes than in the lightly and darkly pigmented ones; GC-3 had 21 genes (FIS1, ATOX1, PHB, SOD1, ENDOG, BAK1, API5, PPP2CA, PSEN1, CASP2, CAT, HTRA2, SEPT4, CASP4, PDCD5, PPP2R1B, PPP2R1A, SYK, TNFSF10, PRODH, and VHL) with expression lower in type A than in type B; and GC-4 had 5 genes (CASP3, CIDEB, MCL1, TXNRD2, and Figure 1 . Box plots of expression data before and after normalization. The quantile normalization algorithms were used to adjust the values of the background-subtracted mean pixel intensities of triplicate measurements per microarray for each and every set of 1,037 genes. Microarray experiments for most samples were conducted in triplicate, except for A375, COLO829, and HTB65 in four times and for RPMI7951 and UACC827 in six times. In contrast to the prenormalization box plots (top), the postnormalized box plots distribute in the same intervals with the same density center, indicating successful adjustment of data. The postnormalized data were used for further analysis. Cell, cell lines; Exp, independent microarray experiments; log, log 2 .
PTGES2) with expression lower in 4 malignant melanoma cell lines (G361, A375, WM266-4, and SRS3) than in the rest (except for CASP3 also lower in UACC3074; Supplementary Fig. S2 ).
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Biological Process, Molecular Function, Expression Pattern, and Statistics of 38 Survival-Apoptosis Genes Focusing on biological process, molecular function, expression pattern, fold change, P value, and FDR of Table S1 ). Color map indicates fold changes in down-expression (green) and up-expression (red) of 371 genes, with P < 0.03 (t test) and FDR < 4% (Supplementary Table S2 ). The multiple statistical testing for FDR was done by using the Benjamini and Hochberg method (22) . 84 genes, we identified 38 differentially expressed genes between the type A and type B malignant melanoma cell lines with known biological process in cell survival or death (Fig. 3) . The survival genes consisted of antiapoptotic (n = 10) and antioxidant (n = 11) genes, whereas the cell death genes (n = 17) had a known proapoptotic role. The average changes of four up-regulated antiapoptotic genes ranged from 0.51-fold to 2.59-fold (log 2 , the same below) higher in the type A malignant melanoma cell lines than in type B, with P ≤ 2.8 × 10 −6 and FDR ≤ 5.4 × 10 −6 . The average changes of six down-regulated antiapoptotic genes ranged from −0.53-fold to −1.69-fold lower in the type A malignant melanoma cell lines than in type B, with P ≤ 5.1 × 10 −8 and FDR ≤ 1.1 × 10 −7 . Eleven antioxidant genes included 6 genes (MT3, PRDX5, PRDX3, GPX4, GLRX2, and GSR) having ≥0.90-fold higher expression in type A than in type B, with P ≤ 2.9 × 10 −6 and FDR ≤ 5.6 × 10 −6 , and 5 antioxidant genes (HSPD1, GSS, SOD1, ATOX1, and CAT) having ≤−0.36-fold lower expression in type A than in type B, with P ≤ 1.1 × 10 −3 and FDR ≤ 1.5 × 10 −3 (Fig. 3) . Of 17 proapoptotic genes, 9 (ENDOG, BAK1, CASP2, CASP4, PDCD5, HTRA2, SEPT4, TNFSF10, and PRODH) were at ≤−0.75-fold lower expression in the type A malignant melanoma cell lines than in type B, with P ≤ 2.1 × 10 −12 and FDR ≤ 7.2 × 10
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. Eight proapoptotic genes (BAD, BNIP1, APAF1, BNIP3L, CASP7, CYCS, CASP1, and VDAC1) were at ≥0.31-fold higher expression in type A than in type B, with P ≤ 2.4 × 10 −4 and FDR ≤ 3.7 × 10 −4 (Fig. 3) .
qRT-PCR Validation of the Microarray Data
To validate the microarray results, we conducted qRT-PCR analysis on 13 genes, including 6 antiapoptotic genes (BCL2, BCL2A1, PPP2CA, PPP2R1B, OPA1, and PHB) and 6 antioxidant genes (CAT, GPX4, GSR, GSS, PRDX3, and PRDX5) and GAPDH as control for normalization of RNA loading and relative expression in 20 malignant melanoma cell lines (A2058, A375, C32, C8161, COLO829, G361, HT144, HTB65, MUM2C, RPMI7951, SKMEL2, SRS3, UACC1227, UACC2565, UACC3074, UACC457, UACC827, UACC903, UACC929, and WM266-4). The results indicated that of 240 data points tested (12 genes in 20 malignant melanoma cell lines, n = 240), 180 (75%) had essentially similar mRNA changes detected by both methods (Fig. 4) . However, 60 (25%) data points displayed a significant (P < 0.05) difference but randomly distributed among 12 genes and 20 cell lines tested. These results showed overall agreement between microarray data and qRT-PCR results.
Discussion
Human malignant melanoma has a poor prognosis (25) ; differences in survival-apoptosis genes may be promising targets for therapy (26, 27) . Our previous study, using mitochondria-focused cDNA microarray hMitChip3 and its related bioinformatic tools, led to identification of differentially expressed survival-apoptosis genes, their signaling pathways, and molecular mechanisms by which malignant melanoma cell lines were either resistant or sensitive to treatment-induced apoptosis (14) . In this report, we identified expression patterns of 1,037 mitochondria-focused genes and significantly differentially expressed genes, resulting in the classification of 21 frequently used malignant melanoma cell lines into the type A (n = 12) and type B (n = 9). The microarray data were validated by qRT-PCR analysis of 13 genes in 20 malignant melanoma cell lines. Of 1,037 informative genes, 355 (34.2%) expressed in the completely opposite direction in up-regulation or down-regulation in these two types of malignant melanoma cell lines, indicating two different sets of molecules regardless of cause-effect relationships between differentially expressed genes and malignant melanoma cell malignancy. Of importance in cell survival, the up-regulated antiapoptotic and antioxidant genes and the down-regulated proapoptotic genes in the type A malignant melanoma cell lines were completely different from those in type B. These findings suggest the presence of at least two different survival pathways for these malignant melanoma cell lines. Drugs and methods targeting either pathway need to be designed and tested for development of new therapeutic intervention. Moreover, the patterns of gene expression provide potential biomarkers for development of novel molecular diagnosis and prognosis of malignant melanoma.
Human malignant melanoma cell lines used in this study were derived from biopsy of malignant primary or metastatic melanoma (Table 1) . More than a dozen of these malignant melanoma cell lines are tumorigenic and metastatic in xenograft animal models. The fact that both tumorigenic and metastatic melanomas were clustered into either type A or type B indicated highly similar in vivo and in vitro cellular malignancy between type A and type B malignant melanoma cell lines. Although 21 malignant melanoma cell lines were cultured in five different media and all were harvested at ∼90% confluence at the indicated passage numbers in the same laboratory after receiving from suppliers, the different culture media and cell passage numbers seem to have no obvious effects on the classification of cells into either type A or type B. For example, the cell lines cultured in RPMI 1640 were grouped in both type A and type B. Furthermore, there were no significant differences in age and gender distributions between these two types of malignant melanoma. Apparently, the clinical information, the xenograft tumorigenic and metastatic assays, and in vitro culture conditions were unable to differentiate these two types of malignant melanoma cell lines, suggesting that the underlying genomic diversities determine the molecular differences. Although these results were generated from in vitro cultured cells, our observations are very similar to those reported by Lin et al. (28) that the genomic alterations were strikingly similar between cultured melanoma cells and primary tumors. Therefore, the molecular diagnosis of heterogeneous malignant melanoma for clinical primary tumor tissues is needed for accurate diagnosis and targeted treatment.
One third of 1,037 mitochondria-focused genes (n = 355, 34.2%) displayed significant (P ≤ 0.030 and FDR ≤ 3.68%) differences (±≥2.0-fold) in expression between type A and type B. The known gene ontology of these 355 genes covers a broad biological spectrum, including 322 (91%) molecular functions, 316 (89%) cellular components, 302 (85%) biological processes, 193 (54%) enzymes, and 171 (48%) canonical biochemical and molecular pathways (data not shown). That is, these two types of malignant melanoma cell lines may live in the microenvironments with highly significant different molecules in quantity, quality, and machinery that must be treated with the different drugs aimed at the different molecular targets.
Homeostasis of cell survival and death are controlled by antiapoptotic, antioxidant, and proapoptotic genes. Upregulation of antiapoptotic and antioxidant genes and down-regulation of proapoptotic genes confer a survival advantage and have been frequently reported to be involved in anticancer therapy. The resultant 38 survival-apoptosis genes displayed highly significant and common changes between the type A and type B malignant melanoma cell lines. Four up-regulated antiapoptotic genes (BCL2, BCL2A1, PPARD, and RAF1), six up-regulated antioxidant genes (MT3, PRDX5, PRDX3, GPX4, GLRX2, and GSR), and nine down-regulated proapoptotic genes (ENDOG, BAK1, CASP2, CASP4, PDCD5, HTRA2, SEPT4, TNFSF10, and PRODH) may lead to corresponding protein changes that confer survival and growth advantage to the type A malignant melanoma cell lines. In contrast, the completely different set of genes may mediate the survival and resistance to apoptosis of the type B malignant melanoma cell lines. These genes included six up-regulated antiapoptotic genes (PSEN1, API5, PPP2CA, PPP2A1A, PPP2R1B, and FIS1), five up-regulated antioxidant genes (HSPD1, GSS, SOD1, ATOX1, and CAT), and eight down-regulated proapoptotic genes (BAD, BNIP1, APAF1, BNIP3L, CASP7, CYCS, CASP1, and VDAC1). All these genes and expression changes seem consistent with phenotypic characteristics of malignant cells. Because these malignant melanoma cell lines are frequently used in melanoma research, our findings of the specific gene products in specific types of malignant melanoma cell lines facilitate study of drug-induced apoptosis of malignant melanoma cells. We do not know the consequence of up-regulation of eight proapoptotic genes (BAD, BNIP1, APAF1, BNIP3L, CASP7, CYCS, CASP1, and VDAC1) and nine proapoptotic genes (ENDOG, BAK1, CASP2, CASP4, PDCD5, HTRA2, SEPT4, TNFSF10, and PRODH) in the type A malignant melanoma and type B malignant melanoma cell lines, respectively. A plausible explanation is that a proapoptotic role of these genes might be recessive due to the up-regulation of so many antiapoptotic and antioxidant genes and the down-regulation of other proapoptotic genes in the same cell lines.
These findings have significant implications for translational research and clinical trials of malignant melanoma therapy. For example, the proapoptotic agent oblimersen has been used as an antisense drug targeted to mitochondrial bcl2 in a randomized phase III clinical trial comparing its combination with dacarbazine against dacarbazine alone in treating 771 patients with metastatic melanoma (29) . These clinical trials revealed no statistical difference in overall survival (9.0 months versus 7.8 months; P = 0.077) probably because of a failure to measure bcl2 expression in malignant melanoma tumors (10, 29) . Our results showed that 61.9% of malignant melanoma cell lines had up-regulation of bcl2 but 38.1% had the down-regulation (Fig. 3) . Thus, the treatment with oblimersen should be administered only to the patients with bcl2 up-regulation, which requires preselection of an appropriate patient population before a clinical trial. In addition, our study revealed that several of 13 malignant melanoma cell lines with bcl2 up-regulation displayed the increase in expression of lactate dehydrogenase (LDH; Supplementary Table S3) . If an elevated serum LDH interferes with the oblimersen activity (29) , whether the upregulated cellular LDH has the same effects is interesting and deserves further study for further enhancement of efficacy of oblimersen.
Thirty-eight of 84 (45.2%) antiapoptotic, proapoptotic, and antioxidant genes were identified. Other genes with relatively consistent expression patterns include four genes (CASP10, FAS, GZMH, and PDIA2) expressed at higher levels in the moderately pigmented normal melanocytes than in the lightly and darkly pigmented normal melanocytes and five genes (CASP3, CIDEB, MCL1, TXNRD2, and PTGES2) expressed at lower levels in four malignant melanoma cell lines (G361, A375, WM266-4, and SRS3) than in the other malignant melanoma cell lines (except for CASP3 also lower in UACC3074). Altogether, these genes account for only 56% (47 of 84) of antiapoptotic, proapoptotic, and antioxidant genes, two groups of malignant melanoma cell lines and two sets of survival-apoptosis genes reported may facilitate our understanding of molecular differences of malignant melanoma pathogenesis and may prove useful for the development of new molecular targets for therapeutic intervention, diagnostic markers for treatment indications, and prognostic markers for the clinical outcomes of patients with malignant melanoma.
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